Abstract: Osmotic demyelination syndrome (ODS) is a life-threatening demyelinating syndrome. The association of ODS with hyperosmolar hyperglycaemic state (HHS) has been seldom reported. The aim of this study was to show that Osmotic Demyelination Syndrome occurs early in the course of Hyperosmolar
I. Background
Osmotic demyelination syndrome (ODS) is a life-threatening demyelinating syndrome, which usually occurs in the setting of a rapid correction of severe chronic hyponatremia 1,2 .ODS is a clinical syndrome characterized by altered mental status, quadriparesis, dyspnoea, dysarthria, and dysphagia which all occur characteristically five to seven days after the correction of serum sodium 3 . The pathogenesis is still to be clearly understood, it is known that rapidly increasing serum osmolality shifts water out of the cells as a response to correct solute imbalance resulting in shrinkage of glial cells that can consequently lead to disruption of the blood-brain barrier allowing inflammatory mediators to enter the central nervous system damaging oligodendrocytes and myelin [4] [5] [6] [7] . Even though ODS has been classically thought to be exclusively secondary to a rapid correction of hyponatremia, it has also been described, even though rarely, in various other situations such as malnutrition, liver transplantation, alcoholism, hypokalemia, hypophosphatemia, AIDS, lithium toxicity, hypoglycemia, and folate deficiency, among others [8] [9] [10] [11] [12] [13] [14] [15] . In all cases a growing body of evidence demonstrates that more than sodium per se, the key factor, in ODS pathogenesis, is a rapid change in serum osmoles. The association of ODS with hyperosmolar hyperglycemic state (HHS) has been seldom reported with less than five cases in the literature [16] [17] [18] [19] [20] . Previous cases have been in the clinical scenario of concomitant hypernatremia, chronic hyperglycemia/epilepsy, and after HHS treatment.
Herein we present the case of a patient with HHS who presented with ODS early in the course of her illness. A review of previous cases and pathophysiological mechanisms involved in ODS secondary to HHS will be presented and discussed.
Case Presentation
A 45 year old female with poorly controlled Type2 Diabetes Mellitus came to the emergency room due to loss of consciousness. She was a known case of Type2 Diabetes Mellitus on Tab.Glipizide 5mg and Metformin 500mg for 10years and long acting Isophane Insulin(30:70) for 5years and she was a known Hypertensive on Tab Amlodipine 5mg for 5 years. She had irregular Medication.
On Physical examination, her BP was 100/60 mmHg. Heart rate was 140/min and SpO 2 was 90% in Room air. Her BMI was 27.2. Mucus membranes were dry. ECG showed Right Axis Deviation. She had a Glasgow Coma Scale of 3/15 and muscle power was 0/5 in all the limbs and plantars were flexor B/L.There was no neck rigidity. Blood Glucose levels were 600mg%. Plasma and urinary ketones were negetive. ABG analysis showed pH 7. 31 Supportive therapy was started subsequently and she was hydrated with normal saline, was put on Insulin infusion and blood glucose was closely monitored.. She regained consciousness but she was disoriented and had irrelevant talks. Muscle power came normal in 3 days. Blood sugar was poorly controlled. One week after admission MRI Brain was done which showed focal areas of T2 hypersensitivities in pons and subcortical white matter of bilateral parietal lobes suggestive of osmotic demyelination syndrome. During all her admission serum sodium was documented to be within normal range. ODS was diagnosed. Serum creatinine improved slowly 
II. Discussion
Osmotic demyelination was first described by Adams et al. in 1959 in a series of four cases that presented paresis, pseudobulbar paralysis, and the distinctive myelin loss in the pons, attributed to alcoholism or malnutrition 22 . It was not until the mid-1970s that routine electrolyte tests started to be measured, that the link between chronic hyponatremia and its rapid correction was made. Since then it is not infrequent that many clinicians associate rapid correction of hyponatremia as the sole cause of ODS. Nevertheless, it is now well known that a variety of other medical conditions (where an osmotic shift has not been identified) such as alcoholism, malnutrition, cirrhosis, liver transplantation, hypokalemia, hypophosphatemia, and hypomagnesaemia, AIDS, folate deficiency, psychogenic polydipsia, beer potomania, refeeding syndrome, dialysis disequilibrium syndrome, hyperemesis gravidarum, sepsis, malignancy, lithium toxicity, prolonged diuretic use, and hypoglycemia have also been associated with ODS [6] [7] [8] [9] [10] [11] [12] .
The association of ODS secondary to HHS has been seldom reported. In 1989, McComb et al. reported the first case of a ODS related to a HHS. Since admission, the patient presented with hypernatremia (169 mEq/L) and despite prompt and aggressive treatment serum sodium continued increasing (188 mEq/L). After three weeks the patient died and diagnosis of ODS was based on autopsy findings 16 Later on, the patient developed pneumonia, sepsis, and multiorgan failure and 9 days after admission presented a flaccid quadriparesis, pseudobulbar palsy, dysarthria, and impaired swallowing. An MRI confirmed the diagnosis and the patient was discharged from hospital 90 days after admission with almost complete recovery 17 . Later on Burns et al. described the case of a 93-year-old man who had an initial glucose of 524 mg/dL and a serum osmolality of 317 mOsm/kg. Neurological examination and serum sodium were normal. Hyperglycemia and osmolality were corrected within 24 hours and 2 days after presentation he developed marked gait ataxia and mild dysarthria. MRI confirmed the diagnosis of ODS and at 1-month follow-up showed marked improvement in his gait unsteadiness 18 . More recently, Mao et al. reported the case of a 55-year-old man who had a history of multiple focal seizures 3 weeks before hospitalization. On admission he presented with focal continuous seizures, fever, right-sided hemiplegia, and absent tendon reflexes. Glucose was 685 mg/dL and serum osmolality was 318 mOsm/L. Serum sodium was within normal range and on 8 hours after HHS treatment the seizures ceased. Two days later the patient regained consciousness, muscle strength improved, and he was discharged without any neurological manifestations 19 . Finally, in 2013, Guerrero et al. described the case of a 23-year-old man that developed ODS days after the treatment of HHS. Surprisingly, no sodium values, serum osmolality, or outcome was mentioned in the manuscript 20 . As described above, in four of the previous cases ODS occurred after the treatment and correction of HHS and, in the other, the patient had almost a month with seizures before developing HHS. In our case, characteristic symptoms related to ODS, confirmed by typical MRI images, were the initial manifestation of an HHS that likely developed acutely. Alterative diagnoses were ruled out, serum sodium levels were documented to be within normal range during all hospitalization, and, after the HHS resolved and supportive therapy was initiated, neurological symptoms progressively disappeared.
Although the pathogenesis of ODS is not clearly understood it is known that rapidly increasing serum osmolality shifts water out of the cells as a response to correct solute imbalance. This serves as a protective mechanism from swelling during chronic conditions of hypoosmolality that usually takes two days to be completed. In the absence of hyponatremia ODS is proposed to occur as a result of a relatively hypertonic insult in which ODS can result if the serum or the extracellular space becomes hypertonic faster than the rate at which the brain cells can compensate [3] [4] [5] 23, 24 .This consequently leads to disruption of the blood-brain barrier allowing inflammatory mediators to enter the central nervous system and damage oligodendrocytes, which may further release myelin toxin and produce vasogenic edema in the central pons 25 . Nevertheless, the breakdown concept of the blood-brain barrier as a result of osmotic stress has also been subject to debate. It has been postulated that osmotic injury may result in the release of nitric oxide or other agents harmful to tight junctions. In addition to osmotic injury and edema, the oligodendrocytes may be damaged by toxins released by injury of endothelial cells 26 . In our case we favor the hypothesis that the hypertonic insult was the cause of ODS. It is likely that the HHS developed fast enough (during the previous day to admission) that oligodendrocytes were not able to adapt. The possibility that ODS was secondary to our treatment is plausible and cannot be excluded. However, it seems unlikely because the patient since his arrival had clinical characteristics that were compatible with ODS. Furthermore the treatment plans resulted in improvement and ultimately in full-recovery.
The clinical manifestations of ODS may vary considerably depending on the degree of pontine involvement and the presence of extrapontine lesions; paraparesis, quadriparesis, dystonia, dysphagia, ataxia, tremor, catatonia, encephalopathy, locked-in syndrome, delirium, seizures, and coma have been described. Neuropsychological findings such as attention, memory, and decision-making disturbance and even psychotic symptoms are rare but have been associated with ODS. These clinical manifestations usually occur five to seven days after the hypertonic insult but had also been described to appear after two or more weeks 27 . It is important to remember that even though diagnoses of ODS can be made in the setting of rapid hyponatremia correction or a hypertonic insult in conjunction with characteristic clinical and radiological findings, alternate diagnoses have to be ruled out. The differential diagnosis for ODS would include stroke, primary brain tumors, metastases, encephalitis, meningitis, radiotherapy, chemotherapy, Wernicke encephalopathy, hepatic encephalopathy, and other demyelinating conditions such as multiple sclerosis 24 .In our case, all of these conditions were excluded. There is no specific treatment for non sodium dependent ODS rather than to treat the underlying illness and to initiate supportive measures. Nevertheless, it is important to follow the same concept, as with sodium, that whatever the hypertonic insult is it must be lowered carefully and gradually 1, 3, 28 . Treatment with steroid bolus, intravenous immunoglobulin, intravenous thyrotropin-releasing hormone, or plasma exchange had also been used in some ODS cases but additional studies are warranted before their implementation in clinical practice [28] [29] [30] [31] .Although ODS has been previously thought as a devastating condition, recent literature shows that over 50% of the patients recover either completely or with minimal disability 32 . Thus, prompt diagnosis and appropriate supportive measures are mandatory.
III. Conclusion
In conclusion, the association of ODS with HHS has been seldom reported. We have described the case of a ODS with the characteristic clinical and radiological findings as the initial manifestation of HHS. The exact mechanism by which HHS produces ODS still needs to be elucidated but we favor a rapid hypertonic insult as the most plausible mechanism.
